The occurrence of DNA fragmentation in lymphocytes obtained from alloxan-induced diabetic rats and diabetic patients was investigated. A high proportion of apoptotic lymphocytes in diabetic states may explain the impaired immune function in poorly controlled diabetic patients. Rat mesenteric lymph node lymphocytes were analysed for DNA fragmentation by using flow cytometry and agarose gel, and for chromatin condensation by Hoescht 33342 staining under different situations. Immediately after being obtained, the proportion of lymphocytes with fragmented DNA was twofold higher in alloxan-induced diabetic rats than in cells from control rats. After 48 h in culture, the occurrence of DNA fragmentation was also higher (81%) in cells from diabetic rats. Hoescht staining and fragmented DNA visualized in agarose gel were also higher in lymphocytes from alloxan-induced diabetic rats than in control cells. To investigate if this phenomenon also occurs in humans, blood lymphocytes from 14 diabetic subjects were examined. Similar results to those of rat lymphocytes were found in cells from diabetic patients immediately after being obtained and after 48 h in culture. The high occurrence of apoptosis in lymphocytes was accompanied by a reduced number of blood-circulating lymphocytes in diabetic patients. The involvement of low insulinaemia for the occurrence of apoptosis in lymphocytes was also examined. Insulin treatment markedly reduced the proportion of lymphocytes with fragmented DNA in alloxan-induced diabetic rats.
Introduction
Apoptosis is an active form of cellular self-destruction that plays an essential role in tissue homeostasis, in embryonic development, and in the control of immune responses in the adult (Holmstrom & Eriksson 2000 , Rathmel & Thompson 2002 . However, apoptosis has a dark side: if it is turned on at the wrong time, crucial cells may die off. This suicide programme was originally defined by the morphology of dying cells (Kerr et al. 1972 , Wyllie 1980 . It is characterized by an ordered series of events that takes place over a period of time (Kidd 1998 , Vermes et al. 2000 . The length of time required for cells to undergo death is usually defined by the stimuli that trigger apoptosis (e.g. glucocorticoid, Fas ligand, growth factor withdrawal), and varies with the cell type (Wyllie 1984 , Trauth et al. 1989 , Koyama et al. 2000 .
Apoptotic cells often shrink and undergo cytoplasmic membrane blebbing, their chromosomes rapidly condense and aggregate around the nuclear periphery, and small apoptotic bodies are formed (Wyllie 1980 , Vermes et al. 2000 , Eizirik & Mandrup-Poulsen 2001 . In many, but not all, apoptotic cells, the condensed chromosomes are acted upon by specific nucleases that cleave the DNA to produce a characteristic ladder (Wyllie 1980 , Williams et al. 1990 , Liu et al. 1998 .
Lymphocyte apoptosis plays an important role in proper immune function (Porter & Malek 1999) . It removes developing lymphocytes that fail to express an antigen receptor; thereby ensuring a functional repertoire of mature B and T cells, and it maintains tolerance toward self by eliminating lymphocytes with antigen receptors that recognize autoantigens. Apoptosis also regulates the size and duration of immune responses. Activated lymphocytes are killed when an infection is cleared successfully (Newton & Strasser 2001) . However, when apoptosis malfunctions, the results may be dire and stroke damage in the organism can occur.
The occurrence of DNA fragmentation in lymphocytes obtained from alloxan-induced (40 mg/kg) diabetic rats was investigated. Rat mesenteric lymph node lymphocytes were analysed for DNA fragmentation using flow cytometry and agarose gel. Hoescht 33342 staining was used to evaluate chromatin condensation. The effect of insulin treatment in vivo and in vitro on prevention of apoptosis in lymphocytes from alloxan-induced diabetic rats was also examined. The occurrence of apoptosis was also evaluated in blood lymphocytes from poorly controlled diabetic subjects using DNA fragmentation assay. As additional evidence for the prevalence of apoptosis, the expression of pro-(c-myc, p53, and bcl-xS) and anti-apoptotic (bcl-2) genes was evaluated by RT-PCR in lymphocytes from one healthy and one diabetic acidotic subjects.
Materials and Methods

Reagents and enzymes
All reagents for buffers, alloxan monohydrate, sodium orthovanadate, propidium iodide, ethidium bromide, NADP and Triton X-100 were obtained from Sigma Chemical Company (St Louis, MO, USA). LymphoPrep was purchased from Nycomed Pharma AS (Oslo, Norway). Taq DNA polymerase, random primers and dNTP were purchased from Amersham Pharmacia (Buckinghamshire, UK). Hoechst 33342 was obtained from Molecular Probes (Eugene, OR, USA). RPMI-1640 culture medium, antibiotics, SuperScript II, and primers for bcl-2, bcl-xS, c-myc, p53 and GAPDH were purchased from InVitrogen (Grand Island, NY, USA).
Animals
Wistar male rats, weighing 220 20 g, were obtained from the Department of Physiology and Biophysics, Institute of Biomedical Sciences, University of São Paulo. Animals were supplied with food and water and allowed to feed ad libitum, and were maintained in a room at 23 C with lights on from 0700 to 1900 h. The Animal Experimental Committee of the Institute of Biomedical Sciences, University of São Paulo granted ethical approval for this study.
Induction of diabetes
The rats were either untreated (control group injected with saline 0·9% NaCl) or intravenously injected with alloxan (dissolved in saline solution, pH 7) at a dose of 40 mg/kg body weight, after an overnight fasting period as previously described (Otton et al. 2002a) . Alloxan is a potent generator of reactive oxygen species, which can mediate -cell toxicity (Cheng & Roth 1971 , Elsner et al. 2002 . We chose the model of alloxan-induced diabetes because alloxan-diabetic rats present low plasma levels of insulin with no change in the activation state of the immune cells. The diabetic rats used in this study were those with glycaemia over 200 mg/dl, after 7 days of alloxan injection.
Insulin treatment
A group of diabetic rats was treated with neutral protamine hagedorn (NPH) insulin through s.c. administration of 1 U per rat for 3 days. The addition of insulin at a dose of 1 mU/10 7 cells was also performed on lymphocytes from alloxan-induced diabetic rats in culture. Lymphocytes were analysed by flow cytometry immediately after being obtained and after 48 h in culture. A similar procedure has been used in our previous study (Otton et al. 2002a,b) .
Experimental procedure
Diabetic rats and matching controls were kept under similar conditions. After 7 days of diabetes induction, fed rats were killed by decapitation without anaesthesia between 0800 and 1100 h. Mesenteric lymph nodes were dissected and lymphocytes were prepared as previously described (Curi et al. 1988) . After centrifugation at 1200 g for 10 min, lymphocytes were suspended in RPMI-1640 medium and then cultured. In all experiments at least seven animals were used per group and at least three different experiments were carried out for each analysis. The blood glucose levels of non-fasted rats were examined through glucose-oxidase assay (Trinder 1969) following the manufacturer's instructions (Glucose E assay Kit from Merck, Rio de Janeiro, Brazil). Glycaemia of the diabetic group was 582 13 mg/dl and that of the control group was 99 5 mg/dl (mean S.E.M. of seven animals).
The number of viable cells (.95%) was determined in a Neubauer chamber using an optical microscope (Nikon YS2-H), following addition of Trypan Blue aqueous solution (1% w/v). Non-viable cells were also evaluated in the flow cytometer FACScalibur (Becton Dickinson, Mountain View, CA, USA) by using propidium iodide as described below.
Subjects
Fourteen diabetic patients (11 males, 3 females), ages ranging from 13 to 82 years old, and 15 controls (10 males, 5 females), ages ranging from 21 to 43 years old, participated in the study. The Human Ethic Committee of the Institute of Biomedical Sciences and Faculty of Medicine, São Paulo University approved the research protocol of this study.
The patients used in this study were those treated in the Hospital of the São Paulo University. The blood glucose levels were determined by the glucose-oxidase method following the manufacturer's instructions (Glucose E assay Kit from Merck). The blood glucose levels of the patients used were above 200 mg/dl in a non-fasted condition (Table 1 ).
Blood samples
Peripheral human blood lymphocytes were collected by a venepuncture procedure and placed in vacuum/ siliconized test tubes containing heparin anticoagulant agent. Blood samples were diluted in 150 mM NaCl solution and lymphocytes were separated using LymphoPrep (Nycomed) according to manufacturer's instructions. Cells were analysed by flow cytometry immediately after being obtained or after being cultured for 12, 24 and 48 h when indicated. Non-viable cells were identified by using propidium iodide (50 µg/ml) dissolved in PBS (0·137 M NaCl, 2·7 mM KCl, 8·0 mM Na 2 HPO 4 , pH 7·4). Propidium iodide fluorescence was determined in Filter length (FL2) (580 nm) using a FACScalibur cytometer (Becton Dickinson). Propidium iodide is a highly watersoluble fluorescent compound that cannot pass through intact membranes and is generally excluded from viable cells. It binds to DNA by intercalating between the bases with little or no sequence preference. An increase in fluorescence to propidium iodide indicates a decrease in the proportion of viable cells.
Cell culture conditions and treatment with concanavalin A (Con A) and lipopolysaccharide (LPS)
A similar culture procedure was used for lymphocytes from human and rats. Lymphocytes (5 10 5 cells/well) were obtained as described earlier and re-suspended in RPMI-1640 medium supplemented with 10% foetal calf serum, containing 5·6 mM glucose, 2 mM glutamine, and antibiotics (streptomycin 100 units/ml and penicillin 200 units/ml). Lymphocytes were cultured in 96-well microtitre plates at 37 C in an air-CO 2 (95%-5%) atmosphere. After culturing for 12, 24 and 48 h, cells were collected and used for flow cytometric analysis.
The rate of DNA fragmentation in human lymphocytes was evaluated in the absence of stimulus. In rat lymphocytes, DNA fragmentation was evaluated after culturing for 12, 24 and 48 h in the absence and in the presence of Con A (20 µg/ml) or LPS (100 µg/ml) when indicated.
Con A is a well known mitogen for T lymphocytes (Licastro et al. 1993) , whereas LPS stimulates B-lymphocyte proliferation (Antal-Szalmas 2000) . This experiment was performed to investigate the response of cells to an immune challenge.
Analysis of DNA fragmentation by flow cytometry
Rat and human lymphocytes cultured as described above were collected, centrifuged at 1200 g for 10 min and re-suspended in a hypotonic solution containing propidium iodide 50 µg/ml in 0·1% citrate plus 0·1% Triton X-100 and maintained at 4 C in darkness overnight (Nicoletti et al. 1991) . Analyses to detect apoptotic cells were performed in a FACScalibur cytometer equipped with CellQuest software (Becton Dickinson). A decrease in fluorescence to propidium iodide indicates a decrease in DNA content in lymphocytes. Cell size and granularity were monitored by alterations in forward scatter and side scatter respectively. The forward scatter light is a result of diffraction of the laser beam when it reaches the cell. Diffracted light provides basic morphological information, such as relative cell size. Light that is scattered at 90 to the incident beam is the result of refracted and reflected light and is called side scatter. This parameter is an indicator of granularity within the cytoplasm of cells, as well as surface/membrane irregularities or topographies. The DNA fragmentation was observed by the occurrence of low fluorescent particles. This indicates that DNA was cleaved and there are small DNA fragments that, because of their high condensation and small size, cannot be intensively bound by propidium iodide, and are seen as low fluorescent particles. The graphics presented in Figs 1 and 4 were made using the percentages obtained in histogram plots of propidium iodide fluorescence intensity. The instrument settings were the same for all experiments.
DNA fragmentation analysed by agarose gel electrophoresis
Inter-nucleosomal DNA fragmentation was analysed in lymphocytes from diabetic and control rats by agarose gel electrophoresis. Cells that were cultured (2 10 6 ) for 24 h in RPMI-1640 medium without treatment were collected and pelleted by centrifugation at 1200 g for 10 min. Whole cells were prepared for in-gel digestion and DNA was separated on a 2% agarose gel together with a 100 bp ladder marker (Otha et al. 1995) . DNA was visualized under u.v. light after being stained with ethidium bromide (0·5 µg/ml) and photographed.
Chromatin condensation assay
Morphology of lymphocytes was examined immediately after being obtained and after 24 and 48 h of culture. Cells (1 10 6 ) were suspended in 20 µl 0·9% NaCl solution containing 0·01 mg/ml Hoescht 33342. After 10 min, the cells were observed in a fluorescence microscope (Axiovert 100, Zeiss) under u.v. light (365/380 nm). Images were analysed using the Axio Vision software (Zeiss). Intensity of fluorescence was calculated using the KS300 3·0 Image System software (Zeiss).
Total RNA extraction
Total RNA was extracted from lymphocytes (0·5-1 10 7 ) obtained from one diabetic and one control subjects using Trizol reagent (InVitrogen, Rockville, MD, USA). Briefly, the cells were lysed using 1 ml Trizol reagent. After a 5-min incubation at room temperature, 200 µl chloroform was added to the tubes and centrifuged at 12 000 g. The aqueous phase was transferred to another tube and the RNA was pelleted by centrifugation (12 000 g) with cold ethanol and dried in air. RNA pellets were eluated in RNase-free water and stored at 70 C until the time of the experiment. The RNA was quantified by measuring absorbance at 260 nm. The purity of the RNA preparations was assessed by the 260/280 nm ratios and on a 1% agarose gel stained with ethidium bromide at 5 µg/ml (Sambrook & Russell 2001) . These samples were used for RT-PCR analysis.
RT-PCR
Total RNA (2 µg) was treated with 1 U DNase for 25 min at 25 C and inactivated with 2·5 mM EDTA. Afterwards, the cDNA was synthesized using oligo (dT) in a 20 µl reaction containing 1 mM of each dNTP, 10 mM DTT, and 200 U SuperScript II RNase H -reverse transcriptase at 42 C for 50 min according to the manufacturer's instructions. Heating at 70 C for 15 min inactivated the reaction.
The PCR reaction was performed in a total volume of 25 µl, containing 2·5 µl of buffer DNA polymerase enzyme (50 mm KCl, 1·5 mM MgCl 2 , 10 mM Tris-HCl, pH 9·0), 10 pmol of the primer, 200 µM of each nucleotide (dATP, dCTP, dGTP and dTTP) and 2·5 U of Taq DNA polymerase and 2 µl of cDNA. The RT and PCR reactions were carried out in a Techne Touchgene Gradient equipment (model FTGRAD2SD, Cambridge, UK), using parameters described by Innis & Gelfand (1990) . The number of cycles used was selected to allow quantitative comparison of the samples in a linear way. For semi-quantitative PCR analysis, the housekeeping GAPDH gene was used as reference. Published guidelines were followed to guard against bacterial and nucleic acid contamination (Kwok & Higuchi 1989) .
Primers used
The sequences of the primers were designed using information contained in the public database in the GenBank of the National Center for Biotechnology Information (NCBI). The sequence of primers for the c-myc gene was the same as that used by Hsieh et al. (1997) . The Table 2 The standardized conditions for RT-PCR analysis. The sequences of the primers, the PCR fragment lengths, the temperature and the number of cycles are shown for each gene under study. For bcl-xS, c-myc, p53 and GAPDH genes, MgCl 2 was used at 1·5 mM, whereas for the bcl-2 gene, 2·0 mM was employed sequences, annealing temperature, number of cycles, and lengths of fragment formed used in this study are shown in Table 2 .
Analysis of the PCR products
The analysis of PCR amplification products was performed in 1·5% agarose gels containing 0·5 µg/ml ethidium bromide and electrophoresed for 1 h at 100 V. The gels were photographed using a DC120 Zoom Digital Camera System from Kodak (InVitrogen, Rockville, MD, USA). The images were processed and analysed in the software Kodak Digital Science 1D Image Analysis. PCR band intensities were expressed as OD normalized for glyceraldehyde 3-phosphate dehydrogenase (GAPDH) expression. The data are presented as the ratio with the respective controls, which received an arbitrary value of 1 in each experiment.
Protein content determination
Protein content of cell homogenates was measured by the method of Bradford (Bradford 1976 ), using BSA as standard.
Statistical analysis
The results were expressed as mean and S.E.M. for 15 wells of at least three experiments, as indicated in the figures. ANOVA was employed to detect differences between the groups. P,0·05 was taken to indicate significant differences.
Results
DNA fragmentation in lymphocytes from diabetic rats
Fluorescence-activated cell sorter (FACS) analysis DNA fragmentation was evaluated in freshly obtained lymphocytes from control and alloxan-induced diabetic rats, and in cells cultured for 12, 24 and 48 h without treatment (Fig. 1A) and after being stimulated with Con A or LPS (Fig. 1B and C respectively) . Cells from diabetic rats presented at the beginning of the culture period a higher proportion of cells in apoptosis (2·2-fold) as compared with the control group (Fig. 1A) . The proportion of lymphocytes with fragmented DNA from both control and diabetic rats was increased during the culture period. The percentage of lymphocytes with fragmented DNA after 48 h in culture was higher (81%) in untreated lymphocytes from diabetic rats as compared with untreated cells from the control group.
Con A stimulation enhanced proliferation of lymphocytes from controls by 40-fold, whereas LPS stimulation raised it by threefold. In the diabetic group this stimulation was slightly; Con A by 25-fold and LPS by 1·5-fold. Treatment with Con A (Fig. 1B) and LPS (Fig.   1C ) affected the occurrence of apoptosis in lymphocytes. Con A treatment reduced the occurrence of apoptosis in lymphocytes from diabetic rats as compared with untreated cells. LPS stimulation in turn increased DNA fragmentation in lymphocytes from diabetic rats.
Figure 1
Effect of alloxan-induced diabetes on DNA fragmentation of rat lymphocytes. Cells obtained from control and diabetic rats were analysed by flow cytometry using propidium iodide (FL2) as described in the Materials and Methods section. DNA fragmentation was analysed in lymphocytes cultured without treatment (A) or after treatment with 5 g/ml of Con A (B) and 100 g/ml of LPS (C) for 12, 24 and 48 h in culture. The results are presented as means S.E.M. from 15 wells of three different experiments using 10 rats each. *P,0·05, as compared with the control group at the corresponding time; #P,0·05, as compared with untreated lymphocytes at the corresponding time.
Chromatin condensation assay To examine the effect of diabetes on nucleus chromatin condensation, rat lymphocytes (5 10 5 ) were stained with Hoescht 33342 that is actively taken up by vital cells and shows blue fluorescence. Condensation of nuclear chromatin is characterized by loss of the structural framework resulting in a smooth, homogeneous appearance and DNA hyperchromicity that, combined with nuclear fragmentation, is the most characteristic feature of apoptosis. Immediately after being obtained (0 h), the number of lymphocytes with nuclei presenting condensed chromatin was higher in the diabetic group (Fig. 2A) . After 24 and 48 h of culture, there was an increase in the proportion of cells from diabetic as compared with control rats showing chromatin condensation, apoptotic bodies and fragmentation of the nucleus (Fig. 2B,C) .
Agarose gel electrophoresis analysis
The chromosomal DNA fragmentation into oligonucleosomal-sized DNA is another indicator of the occurrence of apoptosis (Vermes et al. 2000) . After 24 h of culture, the occurrence of fragmented DNA was higher in lymphocytes from diabetic rats than in cells from the control group (Fig. 3) .
Insulin treatment
In lymphocytes obtained from alloxan-induced diabetic rats after in vivo insulin treatment, DNA fragmentation was similar between lymphocytes from control and insulin-treated diabetic rats (Fig. 4) .
In another experiment, lymphocytes were isolated from diabetic rats and cultured in the presence of insulin for 48 h as described in Materials and Methods. Under this in vitro condition, insulin treatment was not able to reduce the number of apoptotic lymphocytes (data not shown).
DNA fragmentation in lymphocytes from diabetic patients
The effect of diabetes upon DNA fragmentation in blood human lymphocytes was evaluated by flow cytometry before culturing and after 48 h in culture (Fig.  5A) . Results show that immediately after being obtained the percentage of lymphocytes with fragmented DNA was twofold higher in diabetic patients compared with cells from healthy individuals. The proportion of lymphocytes with fragmented DNA remained higher (2·5-fold) in diabetic patients even after 48 h of culture.
Flow cytometric analysis of lymphocytes from diabetic patients showed two distinct populations of cells on a forward scatter (a measure of cell size) versus side scatter (a measure of cell granularity) dot plot. Before culturing, one population of lymphocytes from diabetic patients had a normal cell size, similar to control cells, while a second population had a smaller or shrunken cell size, characteristic of apoptosis (Fig. 5B, 0 h ). After 48 h in culture, a significant proportion of lymphocytes from diabetic patients showed reduced volume and an increased granularity as compared with cells from control subjects Figure 2 Morphology of the nuclei of lymphocytes from alloxan-induced diabetic and control rats. Cells were harvested immediately after being obtained (0 h) and after 24 and 48 h of culture, and stained with Hoescht 33342 as described in the Materials and Methods section. ''a'' indicates the presence of blebbing.
Figure 3
Effect of alloxan-induced diabetes on internucleosomal DNA fragmentation in rat lymphocytes. After 24 h of culture, cells were harvested and DNA was extracted, and analysed in 2% agarose gel as described in the Materials and Methods section (MW=molecular weight). The results presented are representative of three different experiments using five rats each.
( Fig. 5B, 48 h) . The representative DNA content of lymphocytes from diabetic and control subjects after 48 h of culture is shown in a histogram plot graph.
In our study the absolute number of leukocytes was increased in diabetic patients (mean of 10 958 6257 cells/µl of blood; mean S.E.M. of 14 patients) as compared with control subjects (mean of 7114 1523 cells/µl of blood; mean S.E.M. of 10 control subjects). However, the absolute number of lymphocytes was significantly decreased (mean of 1468 561 cells/µl of blood; mean S.E.M. of 14 patients) in diabetic compared with control subjects (mean of 2436 256 cells/µl of blood; mean S.E.M. of 10 control subjects). Diabetic patients with normal glycaemia, regardless their age, did not show changes in the proportion of lymphocytes in apoptosis as compared with control subjects. For example, one 70-year-old patient who was diabetic for 35 years but with well-controlled glycaemia by insulin treatment did not show an increase in the proportion of lymphocytes in apoptosis (data not shown).
Expression of anti-and pro-apoptotic genes As additional evidence for the occurrence of apoptosis, a molecular approach was carried out in circulating lymphocytes from one diabetic (acidotic) and one control patient. The RT-PCR measurements of pro-and antiapoptotic genes were performed three times. Marked differences were observed in the expression of bcl-2, bcl-xS, c-myc and p53 in lymphocytes obtained from the diabetic patient as compared with cells from a healthy subject. The expression of the anti-apoptotic gene bcl-2 was decreased by 85%, whereas that of the pro-apoptotic genes bcl-xS (25%), c-myc (twofold) and p53 (38%) was increased in lymphocytes from the untreated diabetic patient compared with cells from the control subject (Fig. 6 ).
Discussion
Lymphocytes are subject to death checkpoints during their lifespan to ensure proper development, maintain homeostasis, and prevent diseases (Rathmel & Thompson 2002) . Activation, clonal expansion and cell death form the basis for the generation of a repertoire of immunocompetent cells that allows the immune system to eliminate foreign antigens while respecting self structures (Janssen et al. 2000) . In the periphery, lymphocyte numbers are tightly regulated and, despite periodic expansion during immune responses, remain relatively constant in mature animals. This is accomplished by balancing production of newly matured cells in bone marrow and thymus and peripheral lymphocyte expansion with cell death (Tough & Sprent 1995) . Enhanced lymphocyte apoptosis can cause immunodeficiency, whereas cancer and autoimmune diseases can occur when there is too little apoptosis (Miller & Marx 1998) .
A number of studies have shown that diabetic patients have leukocytosis (Eastman et al. 1991 , Flood & Chiang 2001 , Lavabre-Bertrand et al. 2001 , Maraschio et al. 2003 .
In the present study the number of leukocytes was increased but that of lymphocytes was decreased in diabetic patients. This might play an important role for the impaired immune function and high incidence of infections in poorly controlled diabetic patients (Pallavicini & William 1976 , Yokono et al. 1989 . The decrease in the Figure 4 Effect of insulin treatment upon DNA fragmentation of rat lymphocytes. Cells were obtained from control, diabetic and insulin-treated diabetic rats. Cells were analysed by flow cytometry using propidium iodide (FL2) as described in the Materials and Methods section immediately after being obtained (0 h) and after 48 h of culture. The results are presented as means+S.E.M. of 15 determinations from two experiments using three rats each. *P,0·05 compared with the control group. Several studies demonstrated a striking correlation between the overall prevalence of infection and the metabolic control in diabetes (Reinhold et al. 1996 , Rayfield et al. 1982 . A profound T lymphopenia proceeds to type 1 diabetes (Jackson et al. 1981 , Yale et al. 1985 . Peripheral T lymphocytes are not only reduced in number but also functionally impaired (Elder & Maclaren 1992 , Jung et al. 1999 , Otton et al. 2002 . Increased apoptosis in peripheral blood smear lymphocytes was found to be associated with diabetes, glucocorticoid administration and neoplastic diseases (Shidham & Swami 2000) .
In our study, blood peripheral lymphocytes obtained from poorly controlled diabetic patients presented increased DNA fragmentation as compared with cells obtained from healthy patients. Lymphocytes from alloxan-induced diabetic rats also showed increased DNA fragmentation when compared with cells from controls. Concomitantly, there was also high occurrence of chromatin condensation and blebbing formation. These observations strongly support the proposition that uncontrolled diabetes leads to lymphocyte death. The mechanisms for the differences in DNA fragmentation induced by Con A and LPS treatment on lymphocytes from diabetic rats remain to be investigated. The signalling pathways involved in the lymphocyte proliferation induced by the two mitogens are the main targets to be studied such as protein kinase C and toll-like receptor 4 (Lien & Ingalls 2002) .
Molecular indications for the occurrence of apoptosis in lymphocytes from one diabetic (acidotic) patient were also obtained. Mitochondria are potent integrators and coordinators of programmed cell death (Brenner & Kroemer 2000) . The integration phase of apoptosis is triggered in response to an induction phase that corresponds to a change in mitochondrial membrane permeability (MMP) (Belzacq et al. 2003) . This change results, at least in part, from the opening of the permeability transition pore complex (PTPC), a mitochondrial multiprotein complex. This phase is controlled by oncogenes and anti-oncogenes of the bcl-2 family. Some pro-apoptotic proteins promote an increase in MMP and anti-apoptotic members stabilize the barrier function of mitochondrial membranes (Zoratti & Szabo 1995) . The expression of bcl-2, an anti-apoptotic member of the bcl-2 family, was significantly decreased in lymphocytes from the acidotic diabetic subject as compared with cells from the healthy patient. These finding in association with higher expression of pro-apoptotic genes c-myc, p53 and bcl-xS greatly corroborate with the proposition that uncontrolled diabetes leads lymphocytes to death by a mechanism that involves mitochondria and gene expression.
An enhanced susceptibility to infections is well known to occur in poorly controlled diabetic individuals (Kraine & Tisch 1999) . Abnormalities in the defence mechanisms of poorly controlled diabetic individuals against a variety of infectious agents have long been recognized (Pallavicini & William 1976) . The incidence of a recognized group of rare infections is definitely high or confined almost entirely to poorly controlled diabetic patients (Larkin et al. 1985) . T-cell blastic transformation stimulated by phytohaemagglutin (Korfel et al. 1990 ) and plasma levels of immunoglobulins (Muller et al. 1989) are markedly reduced in untreated patients with diabetes mellitus type 1, an effect reversed by insulin administration. In addition, in untreated diabetic mice, the secretion of IL-4 is markedly reduced, in contrast to the secretion of interleukin-2 (IL-2) and interferon-(IFN-D, which is not affected (Wood et al. 1999) .
It is noteworthy that DNA fragmentation was markedly reduced after in vivo insulin treatment of alloxan-induced diabetic rats. The addition of insulin (1 mU/10 7 cell) to lymphocytes from alloxan-induced diabetic rats in culture for 48 h was not able to prevent the process of apoptosis (data not shown). The authors believe that once the machinery for apoptosis is triggered by the poorly controlled metabolic state induced by hypoinsulinaemia it can not be reverted by addition of insulin. So, the administration of insulin in vivo may prevent the start up of lymphocyte apoptosis.
The findings presented herein support the proposition that the high incidence of infection in poorly controlled diabetic states may be associated with an increased proportion of apoptotic lymphocytes.
